Ifosfamide is a cytostatic drug commonly used in chemotherapy. One of the common adverse effects resulting from the treatment with ifosfamide is encephalopathy. This paper describes a case study of a 64-year-old patient who suffered from a full-blown encephalopathy as a result of chemotherapy administered during the treatment of fibrosarcoma of the femur. It provides a hypothesis of the mechanism behind toxic effects of ifosfamide on the central nervous system and elaborates on a number of documented ways of preventing aforementioned complications.
INTrodUcTIoN
Ifosfamide is a cytotoxic drug of the alkylating agent group, specifically a nitrogen mustard derivative. According to the summary of product characteristics, it may be used to treat advanced testicular, ovarian, cervical and lung cancer, blood cancer, including malignant non-Hodgkin's lymphoma and Hodgkin's lymphoma, as well as sarcoma.
Like other cytotoxic drugs, ifosfamide may produce a number of adverse events, including: myelotoxicity, alopecia, nausea and vomiting, mucositis and cardiac complications. Other adverse effects include haemorrhagic cystitis and, less frequently, nervous system disorders, of which the most common is encephalopathy. The patient may develop a mild encephalopathy which presents with sluggishness and sleepiness. However, its symptoms may also include impaired memory, disorientation as well agitation and confusion. Some patients experience rare, albeit disturbing, symptoms such as fits and coma. They are of transient nature. According to some reports, methylene blue (MB) or thiamine may be used to reverse encephalopathy faster. The rate of complications associated with ifosfamide treatment which manifest as neurotoxicity depends on the route of administration and is higher in case of oral administration. This is due to the higher level of active ifosfamide metabolites in the serum resulting from the oral route, which follows from the effect of first pass through the liver [6, 7] . 1 ±0,2) . Importantly, the study showed a significantly higher incidence of symptoms among the female patients (87.5%) [10] .
A large retrospective analysis has been published which studies The study demonstrated that the risk of encephalopathy depends on the primary diagnosis. In the group of 200 patients, encephalopathy symptoms occurred in 29 patients, of which 24 patients (83%) received treatment due to sarcoma and only 5 (17%) were treated for lymphoma. The above conclusion may be explained by a hypothesis that sarcomas occur more frequently in the pelvis and the retroperitoneal space, which is linked to kidney function and was previously mentioned as a potential risk factor for ifosfamide-induced encephalopathy. Moreover, the report confirms a correlation between CNS disorders occurring during therapeutic use of ifosfamide and the level of albumin (low level increases the risk), creatinine (high level increases the risk), simultaneous use of opioids and a previous treatment by cisplatin.
It is important to note that this study, unlike the smaller-scale retrospective analyses mentioned before, shows a link between the higher risk of CNS complications and an elevated level of haemoglobin and finds no such link with a concomitant use of CYP3A4 inhibitors such as the previously mentioned aprepitant [12] .
Essential aspects of encephalopathy induced by toxicity of ifosfamide metabolites are its prevention and treatment with MB.
Reports about MB efficacy in resolving the CNS disorder are not conclusive. Publications only include a few reports of spectacular effects achieved in the treatment of encephalopathy induced by the toxic effect of ifosfamide. One of them is a case presented by Küpfer et al. in 1994 . According to the report, encephalopathy was seen to resolve after 30 minutes from intravenous administration of 50 mg MB [2, 13] . However, there is another report which says that a patient suffered the symptoms for 8 days despite MB treatment which means the symptoms persisted statistically longer than the average duration reported in the literature [2, 14] .
One of the retrospective studies included 52 patients who received ifosfamide in large doses. During treatment, 12 (23%) patients experienced encephalopathy symptoms. As soon as CNS toxicity was discovered, 8 patients were initiated on intravenous MB in a dose of 50 mg 6 times a day. Following MB administration, symptoms resolved within one hour in one patient, within 12 hours in three other patients and in 24 hours in another patient. The remaining patients were relieved of the symptoms within 48 hours (2 patients) and 72 hours (2 patients). It is important to note that 3 of those patients received further cycles of ifosfamide with concomitant intravenous administration of MB in a preventive dose of 50 mg 4 times a day. Two of the patients experienced symptoms of toxicity to a lesser extent than before, and one patient did not have any symptoms of toxicity at all. There were 4 patients who developed encephalopathy but were not treated with MB. They were relieved of the symptoms after 48 hours. Despite the fact that this study demonstrated MB efficacy in treatment and prevention, one must note that it enrolled a small number of patients and did not randomise the participants [2] .
There are also reports on good outcomes achieved by thiamine (vitamin B 1 ) when used to resolve ifosfamide-induced encephalopathy. In one of the reports, the authors propose to start the patient on thiamine when he or she does not improve on MB.
A description of a female patient is provided who experienced CNS toxicity when receiving chemotherapy based on ifosfamide.
The patient did not improve for 36 hours despite interruption of the cytostatic treatment and initiation of MB in usual doses.
She received thiamine 100 mg dissolved in 100 ml saline every 4 hours. Her status improved after 7 doses of thiamine [15] .
Another report presents ten patients with CNS toxicity experienced due to ifosfamide exposure. Unlike described above, the first line of treatment used was thiamine 100 mg dissolved in 
